To define the influence of prognostic factors in patients with community-acquired pneumococcal bacteremia, a 2-year prospective study was performed in 5 centers in Canada, the United States, the United Kingdom, Spain, and Sweden. By multivariate analysis, the independent predictors of death among the 460 patients were age 165 years (odds ratio [OR], 2.2), living in a nursing home (OR, 2.8), presence of chronic pulmonary disease (OR, 2.5), high acute physiology score (OR for scores 9-14, 7.6; for scores 15-17, 22; and for scores 117, 41), and need for mechanical ventilation (OR, 4.4). Of patients with meningitis, 26% died. Of patients with pneumonia without meningitis, 19% of those with у2 lobes and 7% of those with only 1 lobe involved ( ) died. The case-fatality rate differed significantly among P p .0016 the centers: 20% in the United States and Spain, 13% in the United Kingdom, 8% in Sweden, and 6% in Canada. Differences of disease severity and of frequencies and impact of underlying chronic conditions were factors of probable importance for different outcomes.
we undertook a retrospective comparison of demographic, clinical, and laboratory features in patients infected with the same 13 most prevalent serotypes in STO and in Huntington, West Virginia (HWV) [14] . This study indicated a remarkable difference in CFRs (5% vs. 26%) between the 2 centers. Underlying conditions, especially heart disease, were more common in HWV, whereas alcoholism was more prevalent among the STO patients. However, the difference in CFRs remained essentially unchanged when comparable groups were studied.
To more exactly define the influence of several prognostic factors in differing populations, we prospectively studied patients in 5 Western countries. In addition to the patients at centers in HWV and STO, we also studied patients at centers in Manchester, United Kingdom (MAN), Barcelona, Spain (BAR), and Halifax, Nova Scotia, Canada (HAL).
Materials and Methods
Sites. In the HWV area, 3 hospitals included patients during the study period. The total catchment population was 300,000. In MAN and BAR, patients were included from only 1 hospital; their catchment populations were ∼120,000 and 50,000, respectively. All of the 4 large hospitals in the STO area participated, with a total catchment population of ∼1.5 million. The catchment population of HAL could not be specified.
Patients. Patients were included in the study from 1 September 1993 to 31 August 1995. All cases of pneumococcal bacteremia in patients who were aged у18 years and who had not been treated in hospital during the 30 days before admission were prospectively identified in the microbiology laboratory. Bacteremia cases were immediately reported by the laboratory to the study person in charge at the site, and this person completed a case-report form for each patient. The following were recorded: age, sex, residence in a nursing home, smoking (у5 cigarettes per day or similar use of pipe or tobacco), alcoholism (abuse known by medical care), injection drug use, chronic diseases, date of onset of symptoms, score on APACHE II at admission, weight, height, and levels of serum albumin and C-reactive protein.
The clinical presentation was recorded as pneumonia (with the number of involved lobes), endocarditis, meningitis, arthritis or osteomyelitis, peritonitis, "no focal infection," or as combinations of these diagnoses. The isolated pneumococcal strains were frozen. After completion of the study, each center sent their case-record forms and pneumococcal strains to STO.
Underlying conditions and course of disease in hospital. Underlying diseases and treatments were reported, including the following: chronic cardiac disease (arteriosclerotic or hypertensive heart disease with or without heart failure as defined by the New York Heart Association classification of cardiovascular disease), pulmonary disease (asthma or chronic obstructive pulmonary disease), liver disease (biopsy or clinical diagnosis, with or without failure), renal disease (regular medical control for renal failure, with or without dialysis), diabetes mellitus (with or without insulin treatment), cancer (with or without active therapy), autoimmune diseases, steroid therapy, splenectomy, and "other chronic diseases." Human immunodeficiency virus (HIV) infections were recorded when known. When agreed to by the patient, HIV antibody determination was performed; 376 of the 460 patients were tested, 29 of whom were HIV-infected.
The in-hospital use of intensive care unit (ICU) treatment and mechanical ventilation was recorded for each patient. Antibiotic therapy (including treatment time and doses) and the occurrence and type of nosocomial infection (according the definitions of the Centers for Disease Control and Prevention [Atlanta] [17] ) also were noted for each patient.
Frequency of blood cultures and prior antibiotic therapy. To estimate the adequacy of blood culture procedures and the frequency of antibiotic treatment before blood culture, all cases with a diagnosis of community-acquired pneumonia were identified at the respective study sites in HWV, BAR, MAN, and STO during a 2-month period within the 2-year study. We determined how many of these patients had received antibiotics before admission and with what frequency blood culture was performed before the administration of antibiotics. Because of the large number of identified pneumonia patients in STO, only the first 25 patients in each of the 4 participating STO hospitals were examined for antibiotic pretreatment.
Statistics. The data were analyzed using the SAS (SAS Institute, Cary, NC) system. For estimation of the impact of individual factors of potential prognostic importance, the Cochran-MantelHaenszel method was used, so that imbalances among the centers could be neutralized. Multiple logistic regression models were used to estimate the independent impact on the risk of death of the factors found to be significant or close to significant by univariate analysis. The x 2 or Fisher's exact tests were used when appropriate.
Results
Underlying conditions. A total of 460 patients with bacteremic pneumococcal disease were included during the 2 years: 290 were included in STO, 75 in BAR, 49 in HWV, 30 in MAN, and 16 in HAL (table 1). The median age was 65 years, with the patients in MAN being somewhat younger. Slightly more males than females were diagnosed (
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10 (20) 1 (6) 15 (20) 4 (13) 23 (8) 53 ( nursing home was more common in the 2 North American countries than in the 3 European countries. Only limited differences were found in smoking habits, and these did not parallel chronic lung disease frequencies (see below). Injection drug use and HIV infection were more common in BAR patients than in patients in the other centers. Only 1 of the known 29 HIV-infected patients died. Alcoholism was most prevalent among BAR patients. Chronic diseases were common and more often diagnosed in American, Canadian, and Spanish patients than in British or Swedish patients (table 1) . Chronic cardiac and lung diseases and insulin-requiring diabetes mellitus were especially frequent in the United States, whereas chronic liver disease was more prevalent in Spain. The picture was essentially the same when cardiac diseases were divided into arteriosclerotic and hypertensive diseases. Autoimmune diseases were uncommon in all centers, and steroid therapy for any reason differed only slightly among the centers. Splenectomy was also uncommon, with only 10 cases identified among the 460 patients.
Presentation on admission. Time to admission was slightly longer for the patients admitted in BAR than for those admitted in the other centers (table 2) . The mean number of days in hospital was similar for the 3 largest patient populations studied (HWV, BAR, and STO) and slightly longer for the 2 smaller patient populations. Pneumonia was the most common diagnosis in all 5 centers and occurred with nearly the same frequency in all centers. Meningitis also occurred with similar frequencies in the 5 countries. Other focal diagnoses were uncommon.
The mean APACHE II score was slightly higher in BAR but remarkably similar in the other 4 centers (table 2). The frequency of admission to an ICU was also similar, but mechanical ventilation was used more than twice as often in BAR, compared with that used in HWV, MAN, and STO. Nosocomial infections were noted in 7.4% of all patients, with pneumonia being the most frequent diagnosis. Nosocomial infections were more commonly encountered in HWV and BAR than in STO. The CFR differed significantly among the centers ( ) P p .014 and was more than twice as high in HWV and BAR as in STO.
Of the 34 patients with meningitis, 9 (26%) died. Of these 34 patients, 10 also had pneumonia, 5 of whom died. The CFR for pneumonia without meningitis was 11% (41 of 365). Considering all patients with pneumonia, the CFR was significantly higher in those with у2 lobes affected than in those with only 1 lobe involved (19% [21 of 109] vs. 7% [18 of 245] ; P p , Fisher's exact test). The results were similar if only pa-.0016 tients without meningitis were considered (17% vs 7%). Among 21 patients, the number of lobes affected was not determined. Of the 46 patients who died from pneumonia, 12 (26%) died within 24 h of hospital admissions. The mean APACHE II score for these patients was 23 (range, 11-36). In addition, the 7 patients who died after 2-4 days in hospital had high APACHE II scores . In total, the length of hospital stay did not differ between surviving and succumbing patients (mean, 11.5 and 12.5 days, respectively; median, 8 and 9 days, respectively). There was a tendency toward a higher CFR in patients admitted after a short course of illness, but it did not reach statistical significance.
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Factors of prognostic importance.
A number of factors were significantly correlated with the risk of death in a univariate analysis by the Cochran-Mantel-Haenszel method (table 3) . Two-thirds of the deaths occurred in patients aged 165 years. Residence in a nursing home was associated with an ∼3-fold increase in CFR. Of the chronic diseases, only pulmonary disease and cardiac disease with heart failure significantly increased the risk of death, although there was a clear trend for the limited number of patients with chronic renal disease.
The severity of disease (as estimated by the APACHE II score and the need for ICU admittance or mechanical ventilation) had a major impact on the risk of death (table 3) . The mean APACHE II score among the 456 patients for whom the score could be determined was 12.4. The CFR was 21% for patients with a score у12 and 2.6% for patients with a score !12. The relationship of APACHE II score to death is illustrated in figure  1 , which also shows the acute physiology score (APS; without age and chronic disease scores), which was determined so that the influence of the severity of disease, per se, could be analyzed. Both scores reliably predicted a low risk of death (!5%) for patients with scores !∼10 (APACHE II) and 5 (APS). With successively higher scores, the risk of death rapidly increased and was 50% at scores of ∼28 (APACHE II) and 23 (APS).
Antibiotic therapy. The antibiotic regimens used in the 5 centers varied considerably (table 4) . When all patients were considered, penicillin therapy seemed to be associated with a better prognosis and cephalosporin treatment with a worse prognosis (table 3). Although the difference in CFR between patients treated with penicillin and those not treated with penicillin was significant by Pearson x 2 test, it was not significant by the Cochran-Mantel-Haenszel test, which probably reflects imbalances between the different patient populations. This observation is supported by the association of penicillin therapy with low APACHE II scores (data not shown). The opposite was true for cephalosporin therapy. In the multivariate analysis (see below), no particular antibiotic regimen nor the frequency of antibiotic changes were found to have a clear, independent impact on prognosis.
Comparison among centers. Table 5 shows the relationship between CFR and the presence or absence of identified risk factors for death for all patients and separately for patients from HWV, BAR, and STO (the 3 centers with the largest number of patients). The CFR was the same in HWV and BAR but significantly lower in STO. It was more common for patients in HWV than in STO to live in a nursing home, and the CFR was very high for patients living in nursing homes in HWV (43%) and BAR (50%) but less for patients in STO (13%). Chronic diseases were not as common in STO as in the other 2 large centers. Chronic cardiac and chronic lung diseases were clearly more common in HWV than in the 2 European centers. The median APACHE II score was the same in HWV and STO but significantly higher in BAR. Accordingly, ICU admittance was especially frequent in BAR. The rate of mechanical ventilation among ICU patients was also particularly high in BAR. A high APACHE II score was associated with a high CFR in all 3 centers but especially so in HWV and BAR. Moreover, with an APACHE II score !12, the risk of death was only 1%-4% in the 2 European centers but 11% in HWV. Patients receiving mechanical ventilation had a high CFR in all 3 centers but especially so in HWV, where all 10 patients treated with mechanical ventilation died. Patients in HWV and BAR had more nosocomial infections than did patients in STO, and the infections were associated with a substantial mortality.
Multivariate analysis of prognostic factors. A logistic regression model of factors present in patients on admission to hospital showed that older age, living in a nursing home, presence of chronic pulmonary disease, and a high APS were independent predictors of death (table 6). Other chronic diseases had only marginal influence in this model. Chronic heart disease with heart failure and chronic renal disease each had odds ratios (ORs) of 1.3 ( for both). A possible difference in prognosis P 1 .5 at the different centers was tested by including the center in the model. Compared with STO patients, HWV patients had an OR for risk of death of 2.5 ( ) and BAR patients had P p .06 an OR of 2.1 ( ); HAL and MAN had too few patients P p .06 to be tested separately. When factors occurring during hospitalization were added to the model, this trend for an influence of the different centers disappeared (table 7) . As expected, the need for mechanical ventilation increased the risk of death significantly, but ICU admittance had no individual influence when mechanical ventilation was included. A trend for prognostic importance was noted for nosocomial infection.
Frequency of blood cultures and previous antibiotic therapy. A total of 657 patients were diagnosed with pneumonia in the 4 participating STO hospitals during the 2-month surveillance; Downloaded from https://academic.oup.com/jid/article-abstract/182/3/840/872467 by guest on 22 January 2019 NOTE. OR, odds ratio; CI, confidence interval; APS, acute physiology score (i.e., without age and chronic disease scores); HWV, Huntington, West Virginia; BAR, Barcelona, Spain. only 24-36 patients were seen in each of the other 3 centers (table 8) . The rate of treatment with antibiotics before admission among these patients was somewhat higher in BAR and MAN than in HWV and STO. Blood cultures were performed at about half the frequency in STO, compared with blood cultures performed at other centers.
Prior hospitalization and pneumococcal vaccination. A question of prior hospital admittance during the previous 5 years was answered by 421 patients, 230 (55%) of whom had been hospitalized. A question of prior pneumococcal vaccination was answered by 427 patients, only 10 (2.3%) of whom had received vaccine.
Discussion
We examined in detail several factors of potential importance for predicting the risk of death from bacteremic pneumococcal disease in 5 centers located in 5 different countries. We undertook several measures to ensure representativeness and comparability as far as possible. We performed the study prospectively with the same case-report form in the 5 centers. In addition, we carried out the study over a full 2 years in order to reduce the influence of influenza and other epidemics. We used an accepted, well-functioning severity of illness prognostic score system, APACHE II. Finally, we chose to compare only community-acquired infections, since they are probably less affected by confounding factors. To ensure that the infections were not nosocomial, we included only patients who had not been hospitalized within the preceding month. A side effect of this procedure is that it may have lead to a lower CFR than in studies with unselected patient groups.
Similar blood culture systems were used in the different centers. Patients with bacterial meningitis as a cause of pneumococcal bacteremia are probably always admitted to hospital, are most often correctly diagnosed, and most often have blood samples taken for culture. Therefore, the almost identical rate of meningitis cases diagnosed in the different centers supports similar indications for blood culture at all sites. The rate of meningitis was also comparable with that in other studies of pneumococcal bacteremia [10, 12, [18] [19] [20] . The larger number of pneumonia patients admitted in STO during the 2-month surveillance period may indicate that less severely ill patients also were admitted in STO, but blood samples were not obtained for culture.
Only 2% of the patients had previously received pneumococcal vaccine, despite the fact that 55% had been hospitalized during the previous 5 years. This point emphasizes the need to consider pneumococcal vaccination for all patients admitted with diseases that increase the risk for serious pneumococcal disease.
The CFRs for patients with community-acquired pneumococcal bacteremia in this study are in accordance with findings in previous studies [6-8, 10-13, 15, 20, 21] , including the significant difference between STO and HWV [14] . The CFR in BAR was similar to that in HWV. The low CFR in STO is not unique. In 2 recent American studies, the CFR due to community-acquired pneumococcal bacteremia was 13% [22] and 12% [18] . In Denver, of 329 patients у15 years old who were hospitalized during a 10-year period with pneumococcal bacteremia, only 8.5% died, and among the 144 HIV-negative patients hospitalized during 1989-1994, the CFR was only 4.2% [23] . Last, in a recent South African study, the CFR among 112 adult patients with bacteremic pneumococcal pneumonia was 3.6% [24] .
As in most other studies [6, 9, 11, 12, 15, [20] [21] [22] 25] , older age was an independent risk factor for death, whereas among chronic diseases, this was the case for only chronic pulmonary disease. The influence of underlying chronic diseases on the prognosis of bacteremic pneumococcal disease has been significant in most previous studies, but multivariate analysis has most often not been performed. In a study of 385 patients, logistic regression analysis revealed only age and adequate "standard therapy" within 24 h after admission as being of independent importance for the risk of death [20] . A large metaanalysis [1] found that neurologic (OR, 4.6) and neoplastic dis- eases (OR, 2.8) and congestive heart failure (OR, 2.4) had the most significant impact on prognosis, whereas diabetes mellitus was only marginally significant, and chronic pulmonary disease had an OR of 1.0. However, that study involved patients with all kinds of community-acquired pneumonia, which may give results different from those in studies comprising only bacteremic pneumococcal disease. Of interest and in accord with another recent study [20] , residence in a nursing home was of independent importance, whereas alcoholism and smoking seemed to have limited impact on the prognosis. Patients with HIV infection had a good prognosis, which was in accord with recent findings [23, 24] . As in other studies [12, 26] , the need for ICU admittance and mechanical ventilation implied a serious prognosis, but ICU admittance was not an independent risk factor.
Both APACHE II score and the APS part of the total score proved to be excellent prognostic predictors. APACHE scores 114 and an APS 19 implied a steep increase in the CFR ( figure  1 ). Of interest, APS plus age plus chronic disease could not fully replace APACHE II in the multivariate analysis model (data not shown). It is probable that the weighing of points for chronic diseases-also those not proven in this study to be of individual importance-in the APACHE II is of value for the prognostic score. Therefore, one important conclusion from this study is that the APACHE II score can be used as the sole prognostic index at the admission of patients with bacteremic pneumococcal disease. This is in accordance with 2 recent studies on severe pneumonia [27] and bacteremic pneumococcal pneumonia [21] , which both concluded that an APACHE II score 115 was associated with a serious prognosis. In 2 previous studies [20, 27] , radiographic extension of pulmonary infiltrates was identified as independently related to the risk of death, which is consistent with our findings.
Patients admitted with a high APACHE II score seemed to have a worse prognosis in HWV and BAR than in STO. However, those with APACHE II scores !12 also had a serious prognosis in HWV (CFR, 11%) but not in BAR (CFR, 4%) and STO (CFR, 1%). When comparing HWV and STO, the differences in our previous study [14] were therefore corroborated: chronic diseases were more common in HWV and were also associated with a much higher mortality when comparable groups were considered. An influence on the prognosis of nonidentified factors related to the different centers (as tested by including "being a patient in HWV or BAR" in the multivariate model) could not be substantiated (tables 6 and 7).
In conclusion, we found that the APACHE II score predicted with excellent accuracy the prognosis of community-acquired bacteremic pneumococcal disease among 460 prospectively studied patients in 5 Western countries. Older age (OR for the risk of death, 2.2), nursing home living (OR, 2.8), chronic pulmonary disease (OR, 2.5), and need for mechanical ventilation (OR, 4.4) were independently associated with a serious prognosis. The CFR was significantly lower in STO than in HWV and BAR. Differences in initial Apache II scores and the frequency of mechanical ventilation, as well as the different frequencies and impact of residing in a nursing home, and underlying chronic diseases were factors of probable importance for different outcomes.
